Trehalose is thought to be important for desiccation tolerance in a number of organisms, including Saccharomyces cerevisiae, but there is limited in vivo evidence to support this hypothesis. In wild-type yeast, the degree of desiccation tolerance has been shown previously to increase in cultures after diauxic shift and also in exponential-phase cultures after exposure to heat stress. Under both these conditions, increased survival of desiccation correlates with elevated intracellular trehalose concentrations. Our data confirm these findings, but we have tested the apparent importance of trehalose using mutant strains with a deleted trehalose-6-phosphate synthase gene (tps1D). Although tps1D strains do not produce trehalose, they are nevertheless capable of desiccation tolerance, and the degree of tolerance also increases after diauxic shift or heat stress, albeit slightly less than in the wild type. Conversely, when wild-type yeast is subjected to osmotic stress, midexponential-phase cultures produce high concentrations of intracellular trehalose but show little improvement in desiccation tolerance. These results show that there is no consistent relationship between intracellular trehalose levels and desiccation tolerance in S. cerevisiae. Trehalose seems to be neither necessary nor sufficient for, although in some strains might quantitatively improve, survival of desiccation, suggesting that other adaptations are more important.
Introduction
Trehalose (a-D-glucopyranosyl-1,1-a-D-glucopyranoside) is a nonreducing disaccharide of glucose that is found widely in bacteria, fungi and plants, but not in mammals. It has been implicated in resistance to a variety of abiotic stress vectors, including heat, cold, oxidizing agents, elevated osmolarity and desiccation (reviewed in Elbein et al., 2003) . A prominent role for trehalose has been proposed in anhydrobiosis, whereby organisms reversibly undergo metabolic arrest as a result of extreme water loss (Keilin, 1959; Crowe et al., 1992; Clegg, 2001) . During desiccation, some anhydrobiotic organisms accumulate trehalose to high concentrations, which can be as high as 20% of dry weight in the nematode Aphelenchus avenae, for example (Madin & Crowe, 1975) . In vitro, trehalose stabilizes proteins in their native state and preserves the integrity of membranes during desiccation (Crowe et al., 1992 (Crowe et al., , 1998 , and it is widely assumed that it plays a similar role in vivo. Two main hypotheses have been proposed for the mechanism by which trehalose offers protection from desiccation damage. The water replacement hypothesis states that trehalose forms hydrogen bonds with macromolecules and cellular structures in place of water as water is removed, thereby preserving biological structures in the dry state. The alternative, but not incompatible, vitrification hypothesis proposes that trehalose forms an amorphous glass structure on desiccation which protects membranes and proteins by limiting molecular motion, protein aggregation and free radical diffusion (reviewed in Crowe et al., 1998) .
Both hypotheses assume high intracellular (and possibly extracellular) concentrations of trehalose, or the related nonreducing disaccharide, sucrose, in plants. However, not all anhydrobiotic organisms contain high concentrations of these sugars; for example, tardigrades accumulate only 2% dry weight trehalose (Westh & Ramlov, 1991) , and others, such as bdelloid rotifers, seem to lack trehalose altogether Caprioli et al., 2004) . Moreover, where trehalose does occur at high levels in anhydrobiotic organisms, the pattern of its accumulation does not reflect the acquisition of desiccation tolerance as closely as might be expected (Higa & Womersley, 1993; Browne et al., 2004) . Accordingly, we and others have argued that trehalose concentration does not always correlate strongly with anhydrobiotic potential (Womersley & Higa, 1998; Dijksterhuis et al., 2002; . Where trehalose is completely absent, this might simply reflect different survival strategies in different organisms, but even in those anhydrobiotes for which trehalose is implicated, the evidence for a role in vivo is only circumstantial.
To obtain more conclusive data on whether trehalose is important for desiccation tolerance, we have turned to the budding yeast Saccharomyces cerevisiae. This is the only model organism with a fully characterized genome sequence that undergoes anhydrobiosis. It is known to accumulate trehalose to high concentrations as cultures proceed through diauxic shift, when metabolism changes from fermentation to respiration, and into stationary phase (Gadd et al., 1987) . The disaccharide is also produced on exposure to various stresses, such as heat, oxidation and elevated osmolarity (Hottiger et al., 1987; Hounsa et al., 1998; Benaroudj et al., 2001) . Trehalose is synthesized in yeast by a large enzyme complex governed by four genes. Trehalose-6-phosphate synthase (EC 2.4.1.15), encoded by TPS1, converts UDPglucose and glucose-6-phosphate into trehalose-6-phosphate, which is then dephosphorylated by the TPS2 product, trehalose-6-phosphate phosphatase (EC 3.1.3.12). The enzyme complex also contains two putative regulatory components, products of the genes TPS3 and TSL1 (Bell et al., 1998) . While the transcription of trehalose synthase genes is suppressed by glucose (Lutfiyya et al., 1998) , UDP-glucose and glucose-6-phosphate have been shown to increase trehalose synthase activity (Vandercammen et al., 1989) . In the present study, desiccation tolerance has been determined in wild-type yeast and mutants in the trehalose biosynthetic pathway at various growth stages, in various media, and under stress, where intracellular trehalose concentrations vary considerably. We report that the correlation between the degree of desiccation tolerance and trehalose level is poor, and that, although a high intracellular trehalose concentration can quantitatively improve tolerance, trehalose itself is neither necessary nor sufficient for survival.
Materials and methods

Yeast strains
The strains used in this study are presented in Table 1 . The gene substitutions for the strains obtained from Euroscarf (Frankfurt, Germany) were confirmed by colony PCR using a primer corresponding to an upstream or downstream sequence of the gene, and another designed complementary to the KanMX4 sequence that the gene was replaced with.
Culture conditions and desiccation
The cells were cultured in YEPD (Invitrogen, Paisley, UK) broth, or Hartwell's Complete (HC) medium (Adams et al., 1997) supplemented with 2% of either galactose or glycerol, by inoculating from an overnight liquid culture to give an initial OD 600 of 0.05, and incubated at 30 1C with continuous shaking at 160 r.p.m. Growth curves were determined: typically, samples obtained at 16 h were in mid-exponential phase; at 48 h, in early postdiauxic phase; and at 72 h, in late postdiauxic phase. For desiccation experiments, a cell pellet was obtained by centrifuging 1 mL of culture, and drying was performed by exposure to air in an incubator at 30 1C overnight ($16 h). Various rehydration protocols using water or 1 M sorbitol were tested at ambient temperature (21 1C), at the optimal growth temperature for yeast (30 1C) , and at a higher temperature of 37 1C. While rehydrating with prewarmed water at 37 1C led to a significant drop in viability, other rehydration methods all gave similar results, and therefore water at ambient temperature was used.
Thermogravimetric analysis (TGA)
A thermogravimetric analyser TGA7 (Perkin Elmer, Beaconsfield, UK) was used to measure the moisture contents in dried yeast samples. A sample of 2-4 mg was placed on a platinum pan and heated in a furnace at 30 1C with gradual ramping of 5 1C/min to a maximum of 150 1C. The 
Viability assay: flow cytometry
The viability of yeast was assessed by flow cytometry. Dried samples were rehydrated in 1 mL of distilled water and stained with 3 mL of 1 mg mL À1 propidium iodide (PI, Sigma, UK) in water. PI preferentially stains dead cells by entering through their porous membranes. The samples were then assayed within 30 min using a PAS III flow cytometer (Partec, Münster, Germany) fitted with a 20 mW argon-ion laser operating at 488 nm. Fluorescence from PIstained cells was directed to the red filter (FL3), and the intensity of fluorescence measured so as to discriminate between unstained (live) and stained (dead) populations. The percentage survival after rehydration was calculated after taking into account viability before drying. This assay was compared with a traditional colony-counting assay and found to yield similar results.
Trehalose estimation
The concentration of trehalose in yeast cells was measured using the trehalase-glucose oxidase assay as described (Parrou & François, 1997) . Sugars were extracted from cells and glucose destroyed by heating at alkaline pH at 95 1C for 4 h. Trehalase (Sigma) was dialyzed before use owing to the presence of residual glucose in the enzyme preparation. After neutralization and overnight incubation with trehalase, glucose was assayed using the Amplex Red glucose oxidase reagent kit (Molecular Probes, Paisley, UK) according to the manufacturer's instructions.
Stress experiments
Yeast cultures, at various stages of growth, were subjected to stress for 2 h. Heat stress was imposed by incubating cultures at 40 1C, osmotic stress by adding NaCl to a final concentration of 1 M, and oxidative stress by adding H 2 O 2 to a final concentration of 10 mM.
Southern blotting
Genomic DNA was extracted according to Hoffman & Winston (1987) and digested using Bsa AI (New England Biolabs, Hitchin, UK). About 10 mg DNA was run on a 1% agarose gel, and the gel was photographed alongside a ruler after staining with ethidium bromide. It was then washed in denaturing solution (1.5 M NaCl, 0.5 M NaOH) for 1 h, briefly washed in deionized water, and treated with neutralization buffer (0.5 M Tris, pH 7.2, 1 M NaCl) twice for 30 min. Digested DNA was transferred to a Zeta-Probe GT genomic-tested blotting membrane (Bio-Rad, Hemel
Hempstead, UK) overnight in alkaline transfer buffer (1 M NaCl, 0.4 M NaOH). Three probes were synthesized by PCR from genomic DNA: one complementary to the centre of the TPS1 gene (1532 to 11067 bp); a second upstream of the TPS1 gene ( À 668 to À 147 bp ); and a third near the centre of the KanMX4 gene that was used to replace the TPS1 gene in the Euroscarf mutant (1653 to 11177 bp). The probes were prepared and the membrane hybridized sequentially, with probe stripping between experiments, according to Gene Images Alkphos Direct Labelling System (Amersham Biosciences, Little Chalfont, UK).
Statistics
All experiments were performed two or three times; within each experiment, assays were performed in duplicate or triplicate. Where appropriate, statistical significance was determined using two-tailed, paired Student's t-test, and significance assigned if P 0.05.
Results
Desiccation tolerance without trehalose in TPS1-deficient yeast
To assess the importance of trehalose in yeast desiccation tolerance, a strain deleted for TPS1, which encodes trehalose-6-phosphate synthase, was obtained from the Euroscarf collection. Without TPS1, S. cerevisiae cannot normally grow on glucose because of the lack of Tps1p-mediated glycolytic regulation (Bell et al., 1992) ; however, growth of the Euroscarf tps1D mutant on rich medium was indistinguishable from that of wild-type strains (BY4741 and BY4742; data not shown). The absence of the TPS1 gene in the mutant was verified by PCR (see Materials and methods), and also by Southern hybridization experiments on both BY4741 wild-type and tps1D strains. Probes complementary to sequences internal to and upstream of TPS1, and internal to the KanMX4 gene that replaces it in the mutant, were used; hybridization patterns consistent with effective deletion of TPS1 were observed (Fig. 1) . Growth of the tps1D mutant on rich medium is therefore probably a result of the presence of a secondary suppressor mutation (Blazquez & Gancedo, 1995) in one of the glucose permease genes, or in the hexokinase gene (Hohmann et al., 1999) , which regulates glycolysis. A tps2D strain from Euroscarf, in which TPS2, encoding trehalose-6-phosphate phosphatase, is deleted, grew more slowly, as observed by others, probably as a result of the accumulation of trehalose-6-phosphate, which is thought to be detrimental to growth (Bell et al., 1998; Van Vaeck et al., 2001) . The ability of the Euroscarf mutants to grow in rich medium allowed comparison of their desiccation tolerance with that of the wild-type parent strains after various stages of growth in YEPD medium. Culture samples were airdried, and their moisture content, determined by thermogravimetry, was found to be of the order of 6-7% (w/w) for all experiments, which was consistent with entry into anhydrobiosis. Desiccation tolerance was assayed during three phases of culture: mid-exponential, early postdiauxic, and late postdiauxic phases. Survival of both wild-type strains was extremely low (2% of nondried controls) during the mid-exponential phase, but rose significantly after diauxic shift to 30-40%, increasing further during postdiauxic growth to about 60%. The tps1D strain showed a similar trend although with lower absolute values: almost 20% survival after diauxic shift, rising to $30% later. The pattern of tolerance of the tps2D strain was anomalous in that it constantly remained low and did not increase even after the depletion of glucose from the medium, again probably as a result of the negative effect of accumulated trehalose-6-phosphate on fitness (Fig. 2a) .
Intracellular trehalose levels in wild-type yeast were low ($5 mM) initially, increasing to almost 65 mM after the diauxic shift, and further to 140-160 mM during the late postdiauxic phase (Fig. 2b) . The mutant strains, however, presented a different picture. While the tps1D strain possessed undetectable levels of trehalose as expected, consistently very small amounts were found in the tps2D strain. The basal levels of trehalose in the latter can be explained by the action of nonspecific phosphatases on trehalose-6-phosphate (Bell et al., 1998) . Therefore, although increased desiccation tolerance in wild-type yeast correlated with higher trehalose concentrations postdiauxic shift, this was not observed in the tps1D strain, for which desiccation tolerance improved despite the absence of trehalose. Trehalose levels were also measured after the drying period, but did not change significantly, showing that, in the strains used, trehalose biosynthesis does not continue during drying (hatched bars in Fig. 2b) .
In order to ensure that the ability of the Euroscarf tps1D mutant to survive desiccation was not anomalous, four other mutants lacking TPS1, but which could not grow on glucose, were obtained (Table 1) . These, together with the Euroscarf tps1D mutant, were grown on defined mineral medium with 2% galactose as carbon source, and drying experiments were carried out as previously. For most of the mutants and their parental strains, a similar pattern of desiccation tolerance was observed to that seen with yeast cells grown in rich medium (although the absolute survival values were somewhat lower), i.e. poor tolerance in the midexponential phase, with significantly higher survival rates after postdiauxic shift (Fig. 3a) . Surprisingly, YSH286 and strains with the JT9019 background showed relatively high survival in the exponential phase.
Although there is variation in the absolute levels of tolerance among different strains, the desiccation tolerance of all wild-type and tps1D strains showed the same pattern of increased survival with age of culture. The trend of trehalose concentrations in strains with functional TPS1 was also similar to that of Fig. 2b , although concentrations were considerably lower than observed with rich medium for the BY4741 strain (Fig. 3b) . Although the high trehalose concentrations seen in the JT9019 parent strain might be considered to correlate with its increased desiccation tolerance in the exponential phase, the two tps1D strains derived from JT9019 also exhibit high survival rates without any trehalose. It is likely, therefore, that these strains possess an inherently high tolerance to desiccation, possibly as a result of elevated levels of other protection systems.
Improved desiccation tolerance after growth on nonfermentable substrates
Because the improved desiccation tolerance during the postdiauxic growth phase is associated with a shift in metabolism to aerobic respiration, we tested the effect of growth on a nonfermentable substrate. In defined medium supplemented with 2% glycerol, BY4741 and the Euroscarf tps1D strain derived from it grew slowly, as expected, and therefore all samples were taken at various stages (24, 48 and 72 h) in the exponential phase. Remarkably, a high degree of desiccation tolerance of wild-type strain BY4741 was observed, with survival values increasing over time from 4 20% to more than 80%, even without entering stationary phase (Fig. 4a) . Similarly, survival of the tps1D strain increased from 18% at 24 h to 38% and 48% at 48 h and 72 h, respectively. On incubating for 1 h at each stage with glucose at a final concentration of 2%, there was a decrease in survival rates of both strains, in accord with a shift to fermentative metabolism (hatched bars in Fig. 4a ). For the Euroscarf tps1D strain, this is consistent with its being glucose-tolerant and capable of fermenting glucose; (c) (a) Fig. 1 . Southern hybridizations of wild-type and tps1D genomic DNA. Genomic DNA samples from BY4741 (wild type) and the tps1D (Euroscarf) strains were digested with Bsa AI, fractionated by agarose gel electrophoresis and Southern blotted. Filters were hybridized with probes corresponding to (a) the region immediately upstream of TPS1, but within the same Bsa AI fragment; (b) the TPS1 gene itself; and (c) a fragment of the KanMX4 gene, which replaces TPS1 in the tps1D mutant. Note that the TPS1 gene is absent from the tps1D mutant, which instead carries sequences hybridizing to the KanMX4 probe. The Bsa AI fragment containing TPS1 is slightly smaller than that containing KanMX4 owing to the difference in length of each gene (1488 and 1634 bp, respectively).
consequently, it can shift its metabolism in response to the sugar.
Trehalose was also assayed, and found to reach only $16 mM in BY4741 after 72 h in glycerol-minimal medium (Fig. 4b) . Addition of glucose to the growth medium caused intracellular trehalose concentrations to decrease at all three sampled stages of culture, consistent with the change in metabolism; interestingly, the trend in trehalose concentrations in glucose-supplemented cultures is the opposite of the trend in desiccation tolerance (hatched bars in Fig. 4 ).
Poor correlation of trehalose content and desiccation tolerance after stress treatment
It has been reported previously (Hottiger et al., 1987) that heat stress improves desiccation tolerance in exponentially growing S. cerevisiae and that this is associated with a corresponding rise in intracellular trehalose concentration. Accordingly, we observed increased desiccation tolerance in exponential-phase wild-type strains subjected to incubation at 40 1C for 2 h, and in addition noted a lesser, but significant, effect in early postdiauxic-phase cultures; no improvement in survival was detected in heat-shocked late postdiauxic-phase yeast, however (Fig. 5a) . In wild-type yeast, this pattern of change in resistance to desiccation correlated well with trehalose levels, with a substantial increase seen in exponential-phase cultures, a more modest increase in early postdiauxic-phase, but no discernible difference in late postdiauxic-phase cells (Fig. 5b) . However, this correlation did not hold for the Euroscarf tps1D strain, which also showed improved desiccation tolerance on heat stress, but without detectable intracellular trehalose (Fig. 5) . The tps2D strain exhibited relatively poor desiccation tolerance, and consistently low trehalose levels, throughout the experiment.
Trehalose has been implicated in resistance to other stresses in yeast, such as osmotic and oxidative stress (Hounsa et al., 1998; Benaroudj et al., 2001) , and we therefore asked whether these stresses could offer crossprotection to cells undergoing desiccation. Experiments were performed with exponential-phase cells, for which the most pronounced effect was noted in wild-type strains previously (Fig. 5a ). Osmotic stress was imposed by adding NaCl to a final concentration of 1 M for 2 h, while oxidative stress involved incubation with 10 mM H 2 O 2 for the same length of time. Heat shock was also performed, with the same effects on desiccation tolerance and trehalose concentration as noted previously (Figs 5 and 6) . Intriguingly, osmotic shock yielded a considerable increase in trehalose levels in the wild-type strains -between 55 and 65 mM, which is almost twice that measured in heat-stressed cellsbut there was no concomitant improvement in desiccation tolerance, indicating that rises in trehalose levels are not sufficient to confer tolerance (Fig. 6) . A slight, but significant, increase in survival was seen in some experiments when the tps1D strain was subjected to osmotic stress, as presented here (Fig. 6a) , but this was not observed consistently. Otherwise, there was no improvement in desiccation tolerance in the osmotically stressed mutant strains. Oxidative stress appeared neither to increase the accumulation of trehalose nor to improve survival after drying.
Discussion
The experiments described in this paper suggest that there is no consistent relationship between intracellular trehalose concentration and desiccation tolerance in S. cerevisiae. Under some conditions, there is an apparently positive correlation: wild-type strains grown in rich or defined medium with a fermentable carbon source exhibit increasing trehalose concentrations as the culture progresses into the postdiauxic phase, and desiccation tolerance increases accordingly; when exponential-phase cultures of wild-type strains are heat-stressed, trehalose concentrations increase, and survival on air drying improves in line with this; a mutant strain (tps2D) which lacks trehalose-6-phosphate phosphatase activity contains little trehalose and survives desiccation poorly (although this is probably because of the presence of high levels of toxic trehalose-6-phosphate within cells À discussed below). Conversely, however, other experiments suggest a negative correlation between intracellular trehalose concentration and desiccation tolerance: cultures of mutant strains with a deleted TPS1 gene (tps1D) that are unable to produce trehalose are nevertheless desiccation-tolerant and show improved survival of drying as they progress through the postdiauxic phase; heat stress also improves survival in a (tps1D) mutant, despite the absence of trehalose; osmotic stress of wild-type yeast leads to markedly elevated trehalose concentrations, but no corresponding increase in desiccation tolerance; and when grown in defined medium supplemented with glycerol, the desiccation tolerance of wild-type yeast is extremely high against a background of very low trehalose levels. While the former, positive association between trehalose levels and resistance to desiccation in yeast has been noted in the literature, there have been fewer reports of a negative correlation. The data of Coutinho et al. (1988) showed that strain variants of S. cerevisiae with reduced ability to produce trehalose had a desiccation tolerance very similar to that of wild-type yeast, although this was not noted by the authors. In a single experiment in one other paper, it was reported that the capacity for trehalose production in different yeast strains did not correlate with viability after drying and rehydration (Krallish et al., 1997) . Taken together with our results, it seems that there is no simple relationship between trehalose level and survival of desiccation in yeast. However, under some conditions in which a high intracellular trehalose concentration occurs, this might positively affect the degree of survival, because there is usually a quantitative difference in desiccation tolerance between wild-type and tps1D strains after diauxic shift. In summary, though, we conclude that intracellular trehalose seems to be neither necessary nor sufficient for desiccation tolerance in S. cerevisiae. Disruption of the TPS1 gene resulted in undetectable levels of trehalose, as previously reported. However, small amounts of the disaccharide were found in the tps2D mutant. The absence of trehalose-6-phosphate phosphatase in this strain should mean that trehalose-6-phosphate produced by the trehalose synthase enzyme complex cannot be further metabolized. Nevertheless, a proportion of trehalose-6-phosphate produced is probably dephosphorylated by nonspecific cellular phosphatases, as noted previously (Bell et al., 1998) . Although both tps1D and tps2D strains are known to be pleiotropic, the tps2D mutant was distinctly anomalous in its generally slower growth and lower tolerance to various stresses (data not shown). Its inability to develop significant desiccation tolerance despite diauxic shift or preconditioning by other stresses is, however, intriguing. Its low viability could be a result of a toxic effect of trehalose-6-phosphate accumulation or as yet unidentified roles for Tps2p, which has been implicated in sporulation, particulate phosphofructokinase synthesis, and growth at high temperatures (Sur et al., 1994; Thevelein & Hohmann, 1995; Gancedo & Flores, 2004) .
Contrary to a previous report (Van Dijck et al., 1995) , the mode of metabolism clearly affects desiccation tolerance in yeast, as illustrated by the increased survival concomitant with a switch to respiration at the diauxic shift. This effect was reiterated in the experiment using mineral medium with glycerol as the carbon source (Fig. 4) . Desiccation tolerance is already high at an early stage of these cultures, and survival reaches $80% in wild-type yeast and $50% in the Euroscarf tps1D strain. At every stage after the addition of glucose there is a clear drop in tolerance. This could be the result of either the reduced desiccation tolerance associated with fermentative growth, or catabolite repression by glucose of genes important for stress tolerance, or both.
If trehalose is playing only a minor role in yeast desiccation tolerance, what function can we attribute to it? Trehalose was originally regarded as a storage carbohydrate in yeast (Thevelein, 1984; Wiemken, 1990) , but it has now been implicated in resistance to heat, freezing, toxic chemicals, elevated osmolarity, high pressure and oxidation, as well as desiccation (Grba et al., 1975; Attfield, 1987; Gadd et al., 1987; Hottiger et al., 1987; Mackenzie et al., 1988; De Virgilio et al., 1994; Iwahashi et al., 1997; Hounsa et al., 1998; Benaroudj et al., 2001) . The importance of trehalose in these various stress responses is still unclear, however (Panek et al., 1990) . For example, mutants defective in neutral trehalase are not more thermotolerant or osmotolerant despite higher trehalose content (Nwaka et al., 1995) , perhaps owing to the toxicity of trehalose once the stress is removed ; no correlation was found between absolute levels of trehalose and viability after various (heat, ethanol, decanoic acid and pH) stresses (Alexandre et al., 1998) ; and in fourteen wild-type strains of yeast in stationary phase, trehalose was found to contribute to acetic acid stress tolerance, but not to resistance to heat, ethanol, H 2 O 2 , freezing or salt stresses (Lewis et al., 1997) . Nevertheless, its association with such a wide range of stress conditions suggests that trehalose might be a general stress response molecule, perhaps responsible for minimizing protein inactivation by acting as a 'chemical chaperone' (Welch & Brown, 1996; .
Other factors important for desiccation tolerance could include a reduction in growth rate and protein synthesis, signifying progression to a quiescent state (Gray et al., 2004) , and thickening of cell walls after diauxic shift, which is associated with increased resistance to zymolyase and toxic drugs. Presumably, other adaptations that occur during respiratory growth, entry into stationary phase and heat shock are also important, and we are currently examining these factors in order to attain a better understanding of anhydrobiosis in yeast. In a wider context, our data suggest that it is imperative to test the requirement for trehalose in other organisms able to undergo anhydrobiosis.
